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A  study  of  the  present  methods  and  equipments  used  in  obtaining 
upper  air  meteorological  data  indicated  a  need  for  a  new  system  capable 
of  interfacing  with  digital  equipment.   This  work  deals  with  establish- 
ing the  parameters,  methods  of  implementation,  circuit  design,  construc- 
tion, and  testing  of  such  a  system.   Sampling,  pulse  width  modulation, 
time  multiplexing,  pulse  width  to  digital  conversion,  and  interfacing 
with  the  digital  computer  are  discussed.   The  proposed  integrated  cir- 
cuit radiosonde  system  was  constructed  and  tested  with  results  indicat- 
ing an  improvement  over  the  existing  methods. 
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1.    Introduction. 

At  present,  about  one  thousand  radiosondes  are  launched  each  day 
to  obtain  data  for  weather  forecasting.   There  are  two  types  of  radio- 
sondes presently  in  use  to  provide  this  information;  the    AN/AMT-4 
(1680  MHz)  and  the  AN/AMT-11  (403  MHz).   Naval  units  primarily  use  the 
AN/AMT-11,  while  shore  stations  use  the  AN/AMT-4.   The  operation  of  both 
units  is  identical  except  for  the  transmitting  frequency.   Therefore, 
only  the  AN/AMT~11  will  be  discussed. 

The  AN/AMT-11  is  a  balloon-borne ^  expendable,  instrumentation  pack- 
age consisting  of  sensing  devices  and  a  radio  transmitter  for  determin- 
ing and  transmitting  temperature,  pressure,  and  humidity  to  a  ground 
based  recording  station.   The  desired  range  and  accuracy  of  data  is  as 
follows: 

ALTITUDE  -     0  to  100,000  feet 
TEMPERATURE  -   50  *C  to  -90  t: ;  +  1  t: 
PRESSURE  -     1060  mb  to  5  mb;  +  2  mb 
HUMIDITY  -     157o  to  90%  +  1%  • 

The  temperature  and  the  humidity  transducers  are  of  the  resistive 
type,  while  the  pressure  transducer,  called  a  BAROSWITGH,  is  an  aneroid 
barometer  mechanically  coupled  to  a  switching  plate.   The  switching  plate 
connects  the  temperature  element,  humidity  element,  or  a  reference  re- 
sistor into  the  grid  circuit  of  a  blocking  oscillator.   The  403  MHz  car- 
rier is  modulated  at  an  audio  frequency  by  the  blocking  oscillator;  the 
frequency  being  dependent  upon  which  element  the  baroswitch  has  connected 
to  the  grid  circuit.   There  are  no  solid-state  devices  employed  in  the 
air-borne  unit. 

The  ground  station  receiver-decoder  converts  the  audio  frequency 
to  voltage  and  produces  a  chart  recording  which  must  then  be  read. 


interpolated,  and  corrected  to  yield  the  desired  data.   This  data  is 
then  manually  encoded  and  transmitted  over  established  communication 
links  to  a  central  weather  facility  where  the  data  from  all  stations 
is  plotted  on  large  area  charts.  Weather  predictions  are  then  made 
from  these  charts.   Sensor  inaccuracy  and  human  errors  in  reading  and 
encoding  data  are  large  contributors  to  the  over  all  error. 

After  extensive  testing  of  the  radiosonde  system,  CORBEILLE  [12], 
concluded,  "No  one  sensing  element  can  be  singled  out  as  being  worse 
than  the  others  and,  conversely,  none  better.   If  accurate  data  are  to 
be  obtained  by  radiosonde  flights  the  entire  system  must  be  considered 

inadequate  and  improvements  must  be  initiated.  The  baroswitch  reaches 

its  limit  of  usefulness  as  a  pressure  sensing  device  in  the  troposphere 
and  can  be  considered  a  major  contributing  factor  to  the  inadquacies  of 

the  radiosonde  system.  Continuous  transmission  of  relative  humidity 

should  be  provided.   Ozone  is  an  important  atmospheric  constituent  which 
is  not  measured  on  an  operational  basis.   However,  it  is  concentrated 
mainly  above  15km  where  humidity  becomes  of  little  importance,  and  the 
design  of  future  radiosondes  would  do  well  to  include  replacement  of  the 
humidity  signal  above  15km  by  telemetry  of  an  ozone  signal." 
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2.   Design  Considerations. 

The  main  problem  in  instantaneous  or  "real  time"  weather  prediction 
is  data  recovery  and  transmission  to  the  weather  facility.   The  radio- 
sonde system  causes  a  large  part  of  this  time  delay.   For  this  reason, 
a  primary  consideration  of  a  new  system  is  that  it  should  provide  digital 
information  which  can  be  recorded  at  the  ground  station  during  balloon 
ascent.   This  raw  data  can  then  be  transmitted  on  a  high  speed  digital 
network  on  command  from  a  Weather  Central  and  entered  directly  into  the 
computer.   The  same  data  link  could  be  used  for  retransmission  of  com- 
pleted forecasts.   Fig.  (1)  depicts  this  system  in  block  diagram  form. 
The  environment  of  the  airborne  package  is  a  serious  problem.   The 
sensors  and  all  circuitry  must  function  properly  in  ambient  temperatures 
from  50 °C  to  -90 °C  and  humidity  from  0  to  95%.   For  a  new  system  size  and 
weight  must  be  kept  to  a  minimum,  and  data  will  be  transmitted  at  least 
ten  times  a  second  with  an  accuracy  which  is  an  order  of  magnitude  better 
than  the  present  system.   The  present  radiosonde  costs  about  forty 
dollars.   The  transmitter  will  operate  on  a  frequency  of  403  MHz  with  a 
power  output  of  about  six  watts. 

Taylor  [13]  indicated  a  desire  to  measure  other  parameters  during  a 
sounding,  such  as  ozone  content.   Therefore,  the  radiosonde  should  be 
capable  of  measuring  more  than  three  parameters,  if  desired  by  the 
launching  facility. 

2.1  Transducers. 

The  temperature  sensor  now  in  use  may  prove  to  be  satisfactory. 
If  not,  many  similar  transducers  are  available.   The  humidity  sensor 
now  in  use  is  not  of  the  quality  commensurate  with  the  data  required. 
A  new  humidity  transducer  should  be  developed.   An  accurate  pressure 
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sensor  should  be  developed.   This  sensor  could  be  of  the  resistance, 
voltage,  or  current  type.   Such  pressure  transducers  are  available, 
but  completely  out  of  the  economic  range  of  an  expendable  radiosonde 
system. 
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TABLE  I 
Summary  of  Design  Considerations 


INFORMATION  FORMAT 
CHANNEL  CAPACITY 
TRANSDUCERS 

SIZE 

WEIGHT 

COST 

BATTERY  DRAIN 

FREQUENCY 

POWER  OUTPUT 

SAMPLE  RATE 

ACCURACY  AND  RANGE: 

TEMPERATURE 

PRESSURE 

HUMIDITY 
INFORMATION  READOUT 


Digital 

Six 

Resistance,  voltage, 
or  current 

Minimum 

Minimum 

Less  than  $50.00 

Minimum 

403  MHz 

6  watts 

10  samples/sec 

50  °C  to   -90 °C;   +  0.1  °C 

1060mb   to  5  mb;+  Imb 

10%  to  90%  +0.1% 

Computer  page  printer, 
plotter,    etc. 
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3.    Implementation. 

The  entire  system  will  be  explained  in  block  diagram  form.   A 
three  channel  system  was  designed  for  test  purposes.  Additional  chan- 
nels may  be  easily  added, 

3.1  Airborne  Unit. 

The  major  consideration  in  the  airborne  unit  is  the  modulation 
scheme.  Pulse  duration  modulation  (PDM)  of  the  403  MHz  carrier  was 
chosen  for  the  following  reasons; 

a.  Simplicity 

b.  Relative  noise  immunity 

c.  Low  power  consumption 

d.  Easily  capable  of  transmitting  twelve  binary  bits  of 
information  at  the  desired  rate 

e.  Availability  of  2  MHz  bandwidth  in  the  403  MHz  range 
The  PDM  scheme  was  implemented  in  the  following  manner.   A  clock, 

1ms  on  and  10  ms  off,  initiates  a  ramp  on  each  pulse,  as  sown  in  Fig. 
2.   The  clock  pulse  also  triggers  a  three  state  counter  with  possible 
states  000,  100,  010,  and  001.  When  each  successive  state  of  the  counter 
is  in  the  "1"  state  a  constant  current  source  is  switched  to  a  resistive 
transducer.   The  voltage  across  the  transducer  and  the  ramp  are  com- 
pared and  a  pulse  is  generated  when  the  ramp  voltage  is  greater  than 
the  transducer  voltage.   This  pulse  then  enables  the  transmitter. 

For  example,  assign  count  100  Co  temperature,  010  to  pressure  001 
to  humidity,  and  000  for  synchronization. 

The  off  time  was  used  for  synchronization  in  order  to  conserve  bat- 
tery power.   On  the  trailing  edge  of  the  clock  pulse.  Fig.  3a,  a  ramp 
voltage  is  initiated.  Fig.  3b.   At  the  same  time^  the  counters  assume  the 
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state  100,  thus  switching  the  current  source  to  the  temperature  trans- 
ducer.  This  current,  passing  through  the  resistive  transducer,  produces 
a  potential  difference  across  it.   In  the  comparator  the  ramp  voltage  is 
compared  to  the  voltage  across  the  temperature  element,  and  a  pulse  is 
generated  during  the  interval  the  ramp  is  greater,  as  seen  in  Fig.  3d. 
On  the  next  clock  pulse  the  counter  assumes  the  state  010  and  the  pres- 
sure pulse  width  is  generated.   In  a  similar  manner  the  humidity  pulse 
wLdth  is  formed.   On  the  fourth  clock  pulse  the  counter  state  is  000  and 
no  sensor  is  switched  into  the  circuit.   This,  in  effect,  is  an  infinite 
resistance  on  the  current  source  and  the  comparator  receives  a  sensor 
voltage  equal  to  the  supply  voltage.   Thus  no  pulse  is  produced  during 
the  000  count. 

3.2  Ground  Equipment. 

A  403  MHz  receiver,  having  a  bandwidth  of  2  MHz,  receives  the  trans- 
mitted signal.   This  signal  contains  noise  as  well  as  the  desired  informa- 
tion.  A  threshold  detector  determines  the  presence  or  absence  of  the 
information  as  in  Fig.  4.   In  performing  this  function  the  threshold 
detector  recovers  the  transmitted  waveform,  Fig.  3d.   This  signal  is 
the  input  to  the  synchronization  lock-on  circuit  and  the  decoder.   In 
the  synchronization  circuit  the  absence  of  a  pulse  during  a  time  inter- 
val of  more  than  11  ms  is  sensed. 

This  circuit  produces  an  output  pulse  of  at  least  1  ms  in  dura- 
tion at  the  end  of  each  synchronization  interval.  Fig.  3e.   The  syn- 
chronization pulse  resets  the  decoder  following  each  pulse  train. 
Therefore,  each  time  a  pulse  train  is  received  the  decoder  is  positively 
reset;  also  positively  disabled  if  the  pulse  train  is  improper.   From 
the  decoder,  there  are  three  outputs;  one  for  temperature,  one  for 
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pressure,  and  one  for  humidity.  Figs.  3f,3g,3h.   The  decoded  signals  are 
then  each  gated  with  a  500  kHz  clock. 

Pulse  width  to  digital  conversion  is  accomplished  by  counting  the 
number  of  cycles  of  the  gated  500  kHz  which  are  present  during  each  re- 
spective pulse.   In  the  proposed  system,  a  special  purpose  computer 
would  control  this  function.   It  would  also  store  the  raw  data  directly 
on  magnetic  tape  for  later  transmission.   However,  since  a  CDC-160  comput- 
er and  a  CDC-163  tape  transport  were  locally  available,  these  systems 
were  utilized.   In  this  manner,  construction  of  a  prototype  system  was 
somewhat  simplified.   Therefore,  the  CDC-160  computer,  through  a  suitable 
interface,  was  used  to  select  an  input  for  pulse  width  to  digital  con- 
version, store  data  in  memory,  and  output  blocks  of  data  to  magnetic 
tape.  When  data  has  been  recorded  in  this  manner  on  magnetic  tape,  de- 
tailed processing,  analysis,  and  printout  may  be  carried  out  on  any 
computer  system. 
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4.    Circuit  Design, 

Fairchild  Semiconductor  devices  were  used,  utilizing  integrated 
micro-circuits  whenever  possible.   The  possibility  of  manufacturing  the 
entire  modulator,  with  the  exception  of  several  capacitors,  on  a  single 
chip  exists  and  a  design  was  produced  with  that  end  result  in  mind.  As 
most  of  the  circuitry  was  digital,  no  precise  mathematical  design  was 
performed.   All  circuits  were  laid  out  in  rough  form,  assembled  on  vector 
boards,  tested,  and  corrected  as  necessary.   When  the  exact  configura- 
tion and  values  were  determined  the  various  circuits  were  constructed  on 
printed  circuit  boards  for  later  interconnection. 

4.1  Radiosonde. 

The  first  requirement  of  the  radiosonde  was  a  clock  for  timing  in 
the  modulator.   This  circuit  was  designed  to  produce  a  2  ms  pulse  fol- 
lowed by  a  10  ms  off  time.   A  quad-inverter  (uL-927)  was  used  to  form 
this  wave  shape.  Fig.  5a.   A  ramp  voltage  was  generated  by  charging  a 
capacitor  with  a  constant  current  source  during  the  clock  off  time  and 
shorting  the  capacitor  during  the  clock  on  time.   The  constant  current 
source  improves  the  linearity  of  the  ramp  waveform.  Fig.  5b.  A  suit- 
able counter  was  designed  by  using  three  flip-flops  (DTuL-945)  and  a 
dual  three  input  gate  (DTuL-930) ,  Fig.  5c.   The  logic  table  for  the 
counter  is  shown  below: 


A 

C 

D 

E 

n 

0 

0 

0 

n+1 

1 

0 

0 

n+2 

0 

1 

0 

n+3 

0 

0 

1 

n  n+4 

0 

0 

0 

Switching  of  sensors  is  accomplished  by  connecting  a  constant  cur- 
rent source  to  all  sensors  and  alternately  grounding  Individual  sensors 
by  saturation  of  a  semiconductor.  Fig,  6a.   Using  the  values  shown,  each 
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sensor  may  vary  from  2000  ohms  to  22,000  ohms  without  producing  notice- 
able heating  effects  or  eliminating  the  data  pulse.  A  uA  709  operation- 
al amplifier  was  used  as  a  comparator  and  amplifier.   This  is  possible 
due  to  an  inverting  and  a  non-inverting  input  to  the  uA-709.  An  invert- 
er follows  the  comparator  and  directly  modulates  the  transmitter,  Fig. 
6b. 

As  a  UHF,  solid  state  transmitter  design  was  beyond  the  scope  of 
this  work,  the  transmitter  section  of  an  AN/AMT-11  radiosonde  was  modi- 
fied to  operate  with  this  system.   This  was  accomplished  by  inserting 
a  high  voltage  transistor  in  the  cathode  circuit  of  the  6026  tube,  Fig. 
7a. 

In  order  to  operate  at  an  ambient  temperature  as  low  as  -90" C, 
the  modulator  circuit  was  placed  in  an  oven  regulated  to  70*C.   The 
heating  and  voltage  regulation  circuits  are  shown  in  Fig.  7b,   Voltage 
regulation  is  required  due  to  the  use  of  batteries  which  will  deterior- 
ate during  flight.   Since  the  pulse  widths  are  set  with  a  voltage  level, 
the  voltage  level  must  remain  constant  in  order  to  obtain  meaningful 
data. 

4.2  Ground  Equipment. 

A  standard  receiver  was  utilized.   The  IF  strip  was  stagger  tuned 
to  provide  a  bandwidth  of  2  MHz.  A  threshold  detector  and  squaring 
amplifier  was  designed  around  a  uA-702  amplifier  and  two  sections  of  a 
quad-two  input  gate  (DTuL-946) .   The  reference  voltage  is  set  with  potent- 
ometer  PI  to  a  level  slightly  above  the  ambient  receiver  noise.  When 
the  video  output  voltage  is  greater  than  this  reference  level  the  uA-702 
saturates  producing  a  square  pulse.   By-pass  capacitors  shunt  the  input 
and  output  of  the  amplifier  to  prevent  any  feed  through  of  the  30  MHz 
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Fig,  7a    Radiosonde  Transmitter  Circuit 
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IF  frequency.   This  circuit  is  shown  in  Fig.  8a. 

Synchronization  is  achieved  by  charging  a  capacitor  with  a  variable 
constant  current  source  during  the  periods  when  no  pulse  is  present.  An 
output  is  produced  when  the  capacitor  voltage  rises  above  the  switching 
threshold  of  the  output  transistor.   The  pulse  is  then  shortened  by  a 
"one-shot"  in  order  to  insure  enough  time  to  reset  the  decoder  prior  to 
the  next  pulse  train,  Fig.  8b. 

The  decoder  uses  two  flip-flops  (DTuL-945) ,  two  three  input  gates 
(DTuL-930) ,  and  one  two  input  gate  (^TuL-946).   These  are  interconnect- 
ed to  provide  the  output  described  in  Section  3.2.  The  circuit  diagram 
is  shown  in  Fig.  9a. 

A  1  MHz  crystal  oscillator  was  used  to  produce  a  stable  reference 
frequency.   The  crystal  was  placed  in  an  oven  to  improve  stability,  Fig. 
9b.   A  high  gain  amplifier  (uA-702)  was  used  to  buffer  the  oscillator 
and  to  provide  amplification.  A  DTuL-946  gate  was  used  to  insure  a 
square  wave  form  and  a  DTuL-945  flip-flop  to  count  down  to  500  kHz.  The 
output  taken  from  another  DTuL-946  gate,  for  increased  drive,  is  a  500 
kHz  square  wave.  Fig.  9c. 

Each  of  the  decoder  outputs  (temperature,  pressure,  and  humidity) 
were  gated  with  the  500  kHz  reference  frequency  using  two  input  gates 
(DTuL-946).   Additional  gates  were  used  as  inverters  to  return  the 
waveforms  to  the  proper  polarity.  Fig.  10a. 

4.3  Computer  Interface. 

In  order  to  use  the  CDC-160  computer,  the  negative  logic  levels 
(0  and  -16  volts)  at  the  input  and  output  cables  of  the  computer  were 
shifted  to  the  positive  logic  levels  (0  and  +5  volts)  of  the  microciruits, 
These  circuits  were  designed  and  are  depicted  in  Figs.  10b  and  10c.   Six- 
teen units  of  each  circuit  were  required.   Since  the  computer  was  used  as 
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the  control  element  for  pulse  width  to  digital  conversion  and  data  in- 
put, the  interface  must  be  able  to  recognize  output  commands  from  the 
computer.   The  octal  outputs  for  the  various  commands  were  chosen  and 
are  listed  in  Table  II. 

The  interface  was  designed  to  operate  as  follows.  When  the  comput- 
er activates  the  "function  select"  line  (7500)  ,  followed  by  an  output  of 
0101,  an  RS  flip-flop  is  set,  which  activates  the  temperature  channel. 
When  this  flip-flop  is  properly  set,  the  "output  resume"  line  is  activat- 
ed by  the  interface,  thus  informing  the  computer  that  the  function  has 
been  properly  selected.   Upon  receipt  of  "output  resume"  the  computer 
drops  the  "function  select"  and  the  output  lines,  which  in  turn  causes 
the  interface  to  drop  the  "output  resume"  line.   Thus,  the  temperature 
channel  has  been  selected  and  the  computer  is  free  to  move  to  the  next 
program  instruction. 

In  order  to  input  data,  the  computer  must  execute  an  input  instruc- 
tion, for  example  7600,  which  activates  the  input  request  line.   The 
interface  senses  this  line  and  the  synchronization  input  from  the  decod- 
er.  On  the  first  sync  pulse,  the  temperature  input  channel  is  gated  in- 
to the  twelve  binary  counters.   Prior  to  the  next  sync  pulse  the  tempera- 
ture pulse,  modulated  by  the  500  kHz  reference  oscillator,  enters  the 
counter  which  counts  in  binary  the  number  of  cycles  of  the  500  kHz  which 
are  present  during  the  interval  of  the  pulse.   On  the  second  sync  pulse, 
the  interface  activates  the  information  ready  line,  thus  informing  the 
computer  that  the  counters  hold  a  binary  number  proportional  to  the 
temperature  pulse  width.   When  the  CDC- 160  receives  the  "information 
ready"  signal,  the  computer  samples  the  counters  and  stores  the  informa- 
tion according  to  the  program  instruction. 
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TABLE  II 
CDC-160  Control  Function  Codes 


CDC -160  OUTPUT 


MEANING 


Function  select  7500 
0101 


Select  the  temperature 
channel 


Function  select  7500 
0102 


Select  the  pressure 
channel 


Function  select  7500 
0104 

Normal  output   7410 


Input  request   7600 


Select  the  humidity 
channel 

Clear  all  channels 
and  counters 

1)  On  the  next  sync  pulse 
gate  the  channel  previously 
selected  to  the  counters 

2)  On  the  following  sjmc 
pulse  input  the  binary 
number  held  by  the  counters, 
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Upon  receipt  of  the  input  information  the  computer  drops  the  input 
request  line,  which  in  turn  causes  the  interface  to  drop  the  informa- 
tion ready  line.   The  computer  is  then  free  to  proceed  to  the  next  in- 
struction. 

In  order  to  clear  the  interface,  the  computer  executes  an  output 
0010.  The  interface  senses  this  output  and  resets  all  flip-flops  and 
counters.   The  interface  may  also  be  cleared  by  depressing  the  master 
clear  level  on  the  CDC-I60  console.   Any  channel  may  be  selected,  sampled, 
and  cleared  in  the  same  manner;  the  only  difference  being  the  function 
select  code  used.   The  circuit  diagrams  used  to  implement  the  inter- 
face functions  are  shown  in  Figs.  11  and  12. 

4.4  Assembly. 

All  of  the  circuits  described  were  constructed  on  printed  circuit 
boards  using  standard  techniques.   The  interface,  with  the  exception  of 
level  shifting  circuits,  was  assembled  by  inter  wiring  plug-in  boards 
which  had  been  previously  prepared.   The  level  shifting  circuits  were 
constructed  on  plug-in  boards  to  facilitate  assembly. 

Noise  and  power  fluctuations  presented  a  major  problem  in  the  de- 
coding circuitry.   The  high  speed  and  low  logic  levels  of  the  micro- 
logic elements,  coupled  with  the  fact  that  the  flip-flop  elements  shift 
on  a  transient,  make  them  extremely  susceptible  to  noise.  Noise  is 
carried  through  the  power  lines,  and  picked  up  by  radiation  from  the 
30MHz  IF  strip,  the  1  MHz  clock,  and  transients  caused  by  the  oven  thermo- 
stat.  This  problem  was  solved  by  using  shielded  cables  for  all  power  and 
signal  lines,  placing  large  capacitors  at  the  power  input  to  circuit 
boards,  and  placing  shunt  capacitors  at  the  input  to  some  flip-flops. 

A  minor  problem  was  encountered  in  establishing  proper  drive  levels 
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between  different  types  of  micrologic  elements  (DTuL  and  RTuL)  and  the 
computer.   This  problem  was  solved  by  using  extra  drivers  where  neces- 
sary, for  example,  between  the  RTuL  binary  counters  and  the  level  shift- 
ing circuits. 

After  a  reasonable  amount  of  trouble-shooting,  the  entire  system 
satisfied  the  design  parameters,  and  testing  of  an  operational  type  was 
commenced. 
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5.   Operational  Tests. 

In  order  to  determine  the  radiosonde  performance,  independent  of 
the  receiver  and  decoder,  data  was  taken  using  a  frequency  counter  in 
the  interval  timing  mode  to  obtain  a  plot  of  pulse  width  versus  trans- 
ducer resistance.   The  plot  of  this  data.  Fig.  13,  was  relatively  linear 
over  the  normal  transducer  range. 

Upon  completion  of  the  entire  system  data  was  taken  in  order  to 
plot  transducer  resistance  versus  computer  readout.   To  obtain  this 
data  the  computer  was  programed  to  select  the  channel,  read  data,  place 
data  in  the  "A"  register,  clear,  and  return.   This  program  was  manually 
stepped  and  the  output  was  recorded  from  the  "A"  register.   The  data  was 
obtained  in  octal  form,  translated  to  decimal,  and  plotted.   This  plot, 
Fig.  14,  is  as  expected  identical  in  shape  to  the  plot  obtained  direct- 
ly from  the  radiosonde.   Therefore,  little  or  no  information  was  lost 
in  transmission,  decoding,  and  digital  conversion.   The  slight  non- 
linearity  is  of  no  concern  because  the  transducers,  in  general,  are 
highly  non-linear. 

The  average  slope  of  the  curve  is  .182  per  ohm  of  transducer  re- 
sistance.  The  worst  case  value  for  transducer  resistance  versus  tempera- 
ture would  be  on  the  order  of  100  ohms  per  degree  centigrade  (the  trans- 
ducer in  use  is  about  1000  ohms  per  degree  centigrade).   Therefore  the 
output  sensitivity  would  be  about  18.2  per  degree  centigrade  or  0.05**C. 

The  next  test  should  consist  of  placing  the  radiosonde  package  in 
an  environmental  chamber  in  which  temperature,  pressure,  and  humidity 
can  be  independently  and  collectively  controlled.   The  three  parameters 
of  the  environmental  must  be  accurately  displayed  so  that  data  for  curves 
of  temperature,  pressure,  and  humidity  versus  computer  output  may  be 
obtained.   While  anyone  parameter  is  varied,  the  others  should  be  held 
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constant,  and  the  computer  readout  for  all  three  parameters  recorded. 
In  this  manner  calibration  curves  may  be  produced,  as  well  as,  curves 
to  correct  pressure  and  humidity  for  variation  due  to  temperature.   This 
is  necessary  since  all  present  pressure  and  humidity  transducers  vary  as 
a  function  of  temperature.   These  tests  were  not  made  due  to  the  inavail- 
ability  of  a  pressure  transducer  and  an  environmental  chamber. 

At  this  point  all  data  required  for  computer  programming  would  be 
available.   The  first  program  required  is  the  control  program  for  the 
CDC-160  computer.   The  program  must  cause  the  computer  to  read  data  to 
a  block  of  memory,  output  to  tape  when  the  block  is  full, and  return.   A 
flow  graph  of  a  proposed  program  is  shown  in  Fig.  15.   This  program  will 
cause  the  computer  to  place  the  raw  data  on  magnetic  tape  in  files  of 
3000  words.   The  computer  will  run  in  continuous  loops  until  the  data 
transmission  ceases  or  fades,  at  which  time  it  will  halt  with  a  read 
instruction  in  the  "z"  register.   The  computer  will  stop  due  to  the  opera- 
tion of  the  interface.   This  stoppage  is  only  apparent  to  the  operator 
when  the  status  light  remains  on  "IN"  continuously,  and  the  tape  unit 
fails  to  step  (normally  the  tape  unit  steps  about  once  each  minute). 

The  program  for  data  interpolation  on  a  larger  computer  will  not  be 
covered  in  this  paper.   However,  it  should  be  apparent  that  with  the  aid 
of  the  calibration  curves  discussed  previously  numerous  programming 
techniques  are  available  to  translate  the  raw  data  to  an  accurate  tempera- 
ture, pressure,  and  humidity.   It  is  worthy  of  note  that  meteorologists 
calculate  altitude  by  an  equation  using  temperature,  pressure,  and  humid- 
ity as  unknowns.   By  using  this  equation  in  the  computer  program  all 
parameters  could  be  printed  out  or  graphed  as  a  function  of  altitude. 
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6,    Summary. 

The  proposed  system  as  tested  indicated  many  improvements  over  the 
existing  system.   The  digital  radiosonde  meets  or  exceeds  all  design 
criteria  as  previously  stated.   It  inherently  has  the  speed,  accuracy, 
and  simplicity  required  to  further  the  meteorological  study  of  the  up- 
per air,  and  to  enhance  the  feasibility  of  real  time  weather  forecasting. 
Channel  capacity  is  virtually  unlimited  as  long  as  slowly  varying  func- 
tions are  sampled.   Accuracy  is  limited  only  by  the  transducers  which 
are  economically  available. 

This  system  would  also  be  useful  in  many  other  areas  such  as  medical 
research,  where  several  sources  of  data  are  required  to  be  transmitted 
from  a  remote  location  for  on  line  processing. 

The  author  highly  recommends  further  development  of  this  system, 
especially  in  the  areas  of  pressure  and  humidity  transducer  design  and 
solid  state  UHF  transmitter  design. 


41 


BIBLIOGRAPHY 

1.  Manual  of  Radiosonde  Observations  (WBAN) ,  Circular  P,  Washington, 
D.  C,  U.  S.  Department  of  Commerce,  January  1950. 

2.  Radiosonde  AN/AMT-4A,  Instruction  Manual,  Washington,  D.  C. 
Department  of  the  Array,  TM  11-2432A,  July  1951. 

3.  Radiosonde  Receptor,  AN/FMQ-2A,  Instruction  Manual,  Baltimore, 
Maryland,  Bendix  Corp.,  NAVSHIPS  (91667),  July  1952. 

4.  Radiosonde  Set  AN/AMT-llB,  Instruction  Manual,  Philadelphia, 
Pa.,  Molded  Insulation  Company,  March  1958. 

5.  Lowell,  P.  D.   "A  Transistorized  Pulse  Modulated  Radiosonde." 
National  Bureau  of  Standards,  Report  6881,  15  June  1960 

6.  Radiosonde  Set  AN/AMT-11(  )X,  Military  Specifications, 
Department  of  the  Navy,  MIL-R-18990A  (WEP) ,  November  1960. 

7.  Battery,  Water  Activated,  BA-3851AM,  Experimental  and  Develop- 
mental Specifications.   Bureau  of  Naval  Weapons,  X-FAME-28, 
December  1960. 

8.  Stover,  C.  M.   AMT-4  Radiosonde  Transmitter  Modification  Assembly. 
Scandia  Crop. ,  SCTM  151-61  (72),  September  1961. 

9.  Radiosonde  Set  AN/AMT-llDX,  Instruction  Manual,  Model  1060, 
Philadelphia,  Pa.,  Molded  Insulation  Company,  August,  1962. 

10.  Polyelectrolyte  Electrical  Resistance  Humidity  Elements  and 
Modifications  and  Testing  of  Radiosondes,  AN/AMT-4,  Philco, 
Lansdale  Division,  August,  1962. 

11.  Ashfard,  S.  L.  and  Gleisner,  W.  P.  Development  of  the  AN/AMT-21 
Multi-channel  Radiosonde,  Baltimore,  Md. ,  Bendix  Corp. ,  June,  1964, 

12.  Taylor,  C.  L. ,   Prof.  Department  of  Meteorology  and  Oceanography, 
Naval  Postgraduate  School,  Monterey,  Calif.,  Private  Conversation. 

13.  Corbeille,  R.  C.    "An  Experimental  Investigation  of  Radiosondes". 
Thesis,  Naval  Postgraduate  School,  Monterey,  Calif.,  October,  1966, 


42 


INITIAL  DISTRIBUTION  LIST 


iSfo.    Copies 


1.  Defense  Documentation  Center  20 
Cameron  Station 

Alexandria,  Virginia  22314 

2.  Library  2 
Naval  Postgraduate  School 

Monterey,  Calif.   93940 

3.  Department  of  Meteorology  &  Oceanography  2 
Naval  Postgraduate  School 

Monterey,  Calif.  93940 

4.  Prof.  Harold  Titus  10 
Department  of  Electrical  Engineering 

Naval  Postgraduate  School 
Monterey,  Calif.   93940 

5.  LT  George  W.  Dowell,  III,  USN  1 
2864  Revere  St. , 

Jackson,  Miss. 

6.  Office  of  the  U.  S.  Naval  Weather  Service  1 
U.  S.  Naval  Station  (Washington  Navy  Yard  Annex) 
Washington,  D.  C.   20390 

7.  Chief  of  Naval  Operations  1 
OP-09B7 

Washington,  D.  C.   20350 

8.  Officer  in  Charge  1 
Naval  Weather  Research  Facility 

U.  S.  Naval  Air  Station,  Bldg.  R-48 
Norfolk,  Virginia  23511 

9.  Commanding  Officer  1 
FWC/JTWC 

COMNAVMAR 

FPO  San  Francisco,  Calif.  96630 

10.  Commanding  Officer  2 
U.  S.  Fleet  Weather  Central 

FPO  Seattle,  Washington,   98790 

11.  Commanding  Officer  1 
U.  S.  Fleet  Weather  Central 

FPO  San  Francisco,  Calif.  96610 

12.  Commanding  Officer  1 
U.  S.  Fleet  Weather  Central 

FPO  New  York,  N.  Y.  09540 


43 


No.  Copies 

13.  Commanding  Officer  1 
Fleet  Weather  Central 

Navy  Department 
Washington,  D.  C.   20390 

14.  Commanding  Officer  1 
Fleet  Weather  Central 

U.  S.  Naval  Air  Station 
Alameda,  Calif.   94501 

15.  Commanding  Officer  &  Director  1 
Navy  Electronics  Laboratory 

Attn:  Code  2230 

San  Diego,  Calif,   92152 

16.  Officer  in  Charge  1 
Fleet  Numerical  Weather  Facility 

Naval  Postgraduate  School 
Monterey,  Calif.  93940 

17.  Director,  Naval  Research  Laboratory  1 
Attn:  Tech.  Services  Info.  Officer 

Washington,  D.  C.   20390 

18.  Office  of  Chief  Signal  Officer  1 
Research  &  Development  Division 

Department  of  the  Army 
Washington,  D.  C. 

19.  American  Meteorological  Society  1 
45  Beacon  Street 

Boston,  Mass. 

20.  U.  S.  Department  of  Commerce  2 
Weather  Bureau 

Washington,  D.  C. 

21.  Office  of  Naval  Research  1 
Department  of  the  Navy 

Washington,  D.  C,   20360 

22.  CAPT  Robert  E.  Mottern,  USN  2 
Naval  Air  Systems  Command  (AIR-540) 

Washington  Navy  Yard  Annex 
Washington,  Do  C.   20390 

23.  National  Center  for  Atmospheric  Research  2 
Boulder,  Colo. 

24.  Dr.  John  Hulme  3 
Fairchild  Semiconductor 

Fairchild  Drive 
Mountain  View,  Calif. 


44 


No.  Copies 


25.  Commanding  General  1 
U.  S.  Army  Electronic  Proving  Ground 

Fort  Huchuca,  Arizona 

26.  Officer-in-Charge  2 
Geophysics  Division  (Code  3250) 

Pacific  Missile  Range 
Point  Mugu,  Calif. 

27.  Prof.  C.  L.  Taylor  1 
Naval  Postgraduate  School 

Monterey,  Calif.  93940 


45 


Unclassified 


Security  Classification 


DOCUMENT  CONTROL  DATA  •  R&D 

(Stcurtty  clmumlHemtlon  ot  »tl;  body  ot  abmtract  and  Indexing  minotmtlon  muat  b»  animfd  wh»n  the  overall  report  la  claaallied) 


1.  ORIGINATING  ACTIVITY  (Corporate  author) 

Naval  Postgraduate  School 
Monterey,  California  93940 


2a.    REPORT  SECURITY    CLASSIFICATION 

Unclassified 


2  6.  eROUP 


3.  REPORT  TITLl 

A  Digital  Radiosonde  System 


4.   DESCRIPTIVE  NOTES  (Type  ol  report  and  inctualve  datea) 


S-  AUTHORfS;  (Lmatnmna,  Hrat  ntmw.  MHml) 


Dowell,    George  W.    Ill 


6-  REPORT  DATE 

September  1967 


7«-    TOTAL  NO.  or    PACKS 


45 


7b.    NO.  OF  RKPS 

13 


Sa.    CONTRACT   OR  ORANT   NO. 
b.    PROJECT  NO. 

N/A 


ta.    ORIGINATOR'S  REPORT  NUMBCRCSJ 


N/A 


9b.  OTHER  REPORT  NOCSJ  (Any  otharntanbara  that  may  ba  aaalgnad 
tfiia  report) 


N/A 


ffKIs  UuuLUuyiil  lias  T^aftrt  approved  for  publio 


10.  AVAILABILITY/LIMITATION  NOTICES' 


tk 


MlPipMl 


^ 


».U  ^       XT 


^ 


11.  SUPPLEMENTARY  NOTES 


iXi.^-   »\3c-\7C 


ia    SPONSORING  MILITARY  ACTIVITY 


13.  ABSTRACT 


A  Study  of  the  present  methods  and  equipments  used  in  obtaining 
upper  air  meteorological  data  indicated  a  need  for  a  new  system  capable 
of  interfacing  with  digital  equipment.   This  work  deals  with  establish- 
ing the  parameters,  methods  of  implementation,  circuit  design,  construc- 
tion, and  testing  of  such  a  system.   Sampling,  pulse  width  modulation, 
time  multiplexing,  pulse  width  to  digital  conversion,  and  interfacing 
with  the  digital  computer  are  discussed.   The  proposed  integrated  cir- 
cuit radiosonde  system  was  constructed  and  tested  with  results  indicat- 
ing an  improvement  over  the  existing  methods. 


DD 


FORM 

1  JAN  64 


1473 


Unci  a.ssif  ied 


47 


Security  Classification 


PnclflRsif ipd 


Security  Classification 


KEY     wo  R  OS 


Radiosonde 


sJ^-Tfc'W^HV.-l*^'''^^  ^' 


■.«»' 


^a 


'****>tMf> 


DD  /r„1473 

S/N     0101-807-6821 


BACK 


Unclassified 


48 


Security  Classification 


A-  3  I  409 


thesD7017 

A  digital  radiosonde  system. 


3  2768  001  00479  9 

DUDLEY  KNOX  LIBRARY 


:''::'''^y^!'f!:i^^':''M 


'^ivfiSliii 


iw' 


mm0m 


Kih'   K'Wi-'-^ii  . 


',>.'.', 


jQaiaii&aHatikvams 


